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Abstract 
The recent studies narrowly designed to investigate the structure of working memory and its relation with intelligence emphasize 
the importance of the component responsible for building the relations between elements. In the present study, an expanded 
processing of the relations between the elements was implemented to the simplest recognition task by manipulating with a type of 
probe-test mismatching. The speed of recognition of meaningless figures was significantly related to intelligence only when a test 
stimulus differed from a probe stimulus in relative positions of the elements. In addition, regardless of the type of stimuli, the 
speed of processing of the constructed task was significantly related to school achievements in Algebra, Geometry, and Physics. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
A significant relation between working memory and intelligence is a well-established fact replicated in a number 
of studies (see Ackerman, Beier, & Boyle, 2005; Conway, Kane, & Engle, 2003); however, debates still concern the 
components of working memory specifically responsible for these relations. A three-factor model of working 
memory recently proposed by Oberauer, Süß, Wilhelm, & Wittmann (2003, 2008) distinguishes between three 
components of working memory: storage and processing, relational integration, and supervision. The latter 
component refers to the control of cognitive processes; empirically it is only weakly related to the other two 
components, as well as to cognitive ability measures. The component of relational integration referring to the ability 
of building new relations between elements plays a central role in this theoretical model. The authors demonstrate 
that it predicts intelligence level at least as well as the storage-and-processing component.  
An important note on the term “working memory” should be made here. Broadly defined, working memory 
refers to the ability to store and manipulate information in the mind over brief periods of time (Baddeley, 2003). 
However, in some of the studies, this term is reserved only for the tasks that require some kind of manipulation with 
stimuli (selection, updating, etc.), while “short-term memory” is used for the other tasks. The present study does not 
follow the latter tradition. Any task that requires remembering and recognition in a short period of time is regarded 
as a working memory task here, although different tasks can differ in the required loading on the components 
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mentioned above. 
In the studies by Oberauer et al. (2003, 2008), the component of relational integration was assessed by quite 
complex tasks specifically constructed “to tap the ability of mentally building and integrating multiple relations 
between given elements” (Oberauer et al., 2008, p.643). Some examples of these multiple relations are the rhyming 
relations in a verbal task or the spatial relations between airplanes and mountains in flight control. In other words, 
working memory tasks in these studies were narrowly designed to assess relative integration as a specific component 
of working memory. However, in the logics of the theoretical model, processing of the relations is an important 
component of task performance even at a very basic level of recognition; in general, the model predicts that this 
specific type of processing is related to intelligence after controlling for a storage-and-processing component 
regardless of the complexity of the entire memory task. To explore this issue, the present study was designed to 
investigate the processing of the relations between the elements as a component implemented to the simplest 
recognition memory task. Simplicity of the task was imposed by using a single stimulus instead of a list of stimuli in 
a probe. Moreover, meaningfulness of the stimuli was minimized to avoid possible references to any long-term 
memory content; different meaningless figures consisting of four short lines were used as stimuli in the constructed 
task. 
Besides, the studies mentioned above analyzed accuracy scores as a measure of individual performance in the 
tasks designed to assess both storage-and-processing component and relational integration component of working 
memory. Moreover, most of the models of recognition memory generally aim to explain recognition accuracy data 
and do not account for speed of performance (a recent review on this topic can be found in Malmberg, 2008). 
However, the response time seems to be a more sensitive and informative measure of performance in a simple 
speeded recognition task. Response times obviously provide a more sensitive scale to assess individual differences 
in task processing; some advanced models of memory retrieval account not only for average response latencies but 
even for their distribution (see Rattcliff, 1978 for an example). To allow for better differentiation between the 
stimuli with implied differences in a required processing, the response time was analyzed as a measure of task 
processing in the present study.  
Studies providing information about response latencies in memory tasks report faster correct “Yes” responses as 
compared to correct “No” responses (for example, Diana, Reder, Arndt & Park, 2006; Malmberg, 2008). In general, 
these findings suggest that correct “No” responses require a more expanded and even an exhaustive processing of 
items (see Ratcliff, 1978). Therefore, test stimuli that required “No” responses were manipulated in the present 
study so that an expanded processing of the relations between the elements (relative positions of the lines) was 
implied in some trials; other “No” trials required an expanded processing of the elements (length of lines) for correct 
response, while the relative positions of the elements were held constant between a probe and a test stimuli. 
Thus, the pattern of correlations between speed of processing of different types of “No” stimuli and intelligence 
was analyzed in the present study. Besides, school achievements in Mathematics and Physics were regarded as other 
criterion variables in addition to cognitive ability scales. The relations between intelligence and school achievements 
are well-established in a large number of studies (Jensen, 1998, see also Deary, Strand, Smith, & Fernandes, 2007). 
The present study addressed a less explored issue of possible direct relations between speed of processing in 
recognition task and school achievements. 
The following hypotheses were formulated in the present study. First, we hypothesized that the response times 
for “No” responses were different depending on the type of probe-test mismatching; differences in their correlations 
with intelligence scales were also expected. Second, based on the theoretical assumptions mentioned above and the 
results of the studies on relational integration as a component of working memory particularly related to cognitive 
ability, the response time on the stimuli which required an expanded processing of the relations between the 
elements was expected to be more related to intelligence, as compared to response time on other types of stimuli. 
Third, the processing speed in the constructed recognition memory task was assumed to be related to school 
achievements in Mathematics and Physics; no specific assumptions were formulated concerning a possible 
similarity between the patterns of correlations of different types of response latencies with intelligence and school 
achievements as the study was exploratory in this part. 
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2. Methods 
2.1. Recognition of Meaningless Figures Test 
In a Recognition of Meaningless Figures Test (RMFT), different meaningless figures consisting of four short 
lines were used as stimuli. A white background screen was presented first (500 ms), followed by a probe figure in 
the left part of the screen for 2000 ms followed by the background screen (500 ms) and the test figure in the right 
part of the screen. Participants had to determine if the test figure was exactly the same as the figure in the probe or 
not. The test consisted of 60 trials (30 for “Yes” and “No” responses).   
There were four types of test figures: 1) identical to the probe; 2) completely different from the probe; 3) 
different from the probe at a position of one line; 4) different from the probe at a length of one line. The “No”  
stimuli are presented in Appendix. The stimuli of the second and the third type were assumed to require an expanded 
processing of the relative positions of the elements for the correct “No” response. The stimuli of the fourth type 
required an expanded processing of the elements (length of the lines), while their relative positions were constant 
between a probe and a test. For each type of stimuli, the average time of correct responses was calculated. The mean 
response time for all correct trials was also calculated as the overall measure of test performance. 
2.2. Cognitive ability scales and data on school achievements 
Two ability scales were used in this experiment. The first was Raven‟s Advanced Progressive Matrices (APM). 
The second was the verbal scale of the Amthauer‟s Intelligence Structure Test which included three subtests: 
sentence completion, finding analogies, finding common categories. For each of the two scales, the total number of 
correct responses was calculated. 
Data on school achievements included overall school grades in Algebra, Geometry, and Physics for the academic 
period when the experimental tasks were administered.  
2.3. Participants 
Participants were 201 high school students; their mean age was 15.2 (SD=.64); 39% were male. All the students 
performed the RMFT. Of these 201 participants, 200 also performed the APM, 180 performed verbal subtests of the 
IST. Data on school achievements were available for 171 students. 
3. Results 
Descriptive statistics of the response times obtained in the RMFT are presented in Table 1. The table also shows 
the correlations  between response times in the RMFT and  the measures of intelligence and school achievements  in  
Table 1. Descriptive statistics for response times in the RMFT and their correlations with intelligence measures and school grades 
Type of 
stimuli 
Descriptive statistics for 
response times 
Correlations with intelligence Correlations with school grades 
Mean SD APM Verbal IST Algebra Geometry Physics 
(1)  687.54 139.95 -.057 .099 -.177* -.242** -.169* 
(2)  707.61 161.71 -.159* -.049 -.172* -.233** -.193* 
(3) 759.41 162.12 -.162* -.018 -.184* -.223** -.193* 
(4) 831.04 212.66 -.030 .054 -.182* -.207** -.143 
All trials 746.40 153.49 -.108 .024 -.197** -.246*** -.190* 
Note. Types of the stimuli are denoted as described in the Section on Methods. „All trials‟ refers to the average response time calculated for the 
whole test. Pearson‟s correlation coefficients are presented. Correlations marked *** are significant at p<.001, ** - p<.01, * - p<.05. 
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Mathematics and Physics. In general, the speed of processing in the RMFT was not related to intelligence (two 
exceptions were significant correlations between response latencies on the second and the third type of stimuli and 
Raven‟s APM score). At the same time, their relations with school grades in Mathematics and Physics were highly 
significant. The correlations were slightly higher for Geometry as compared to Algebra, and slightly lower for 
Physics. In terms of the analysis of variances, the results suggest about 6.1% of shared variance between overall task 
performance in the RMFT and school grades in Geometry (about 3.9% for algebra). This result is interesting in light 
of the observed non-significant relations between response times in the RMFT and intelligence. 
As shown in the first column of Table 1, average response times differed depending on the type of stimuli. When 
the response times on different types of stimuli were compared pairwise, the differences in each pair were 
significant (Wilcoxon matched pairs test, p<.001). These results support an assumption of different additional 
processing implied by the type of probe-test mismatching in the RMFT. To investigate the speed of this additional 
processing more precisely, three speed indexes were calculated for each participant by simple subtraction of the time 
of “Yes” responses from the times of “No” responses of different type. Descriptive statistics for these indexes as 
well as their correlations with the other measures are presented in Table 2. 
Speed indexes calculated for “No” responses on the second and the third type of stimuli were significantly 
correlated with two intelligence scales used in the study. Their correlations with Raven‟s APM were slightly higher 
than the corresponding correlations observed before the subtraction. In contrast, the correlations with the verbal IST 
scale increased noticeably. For the other speed index which represented the speed of additional processing of the 
elements, but not of their relations, none of its correlations with intelligence measures was significant. Finally, none 
of the speed indexes was correlated with school grades in Mathematics and Physics. 
4. Discussion 
The present study regarded the processing of the relations as an important component of general processing in a 
simple recognition task. A model of working memory that distinguishes between storage and processing component 
and relational integration component as two important factors in the structure of working memory was the starting 
point for this study. In order to investigate the relational integration construct at a very basic level, an expanded 
processing of the relations between the elements was implemented to a simple recognition task by manipulating the 
type of probe-test mismatching in the “No” trials. The response time was analyzed as a measure of task performance 
as a more sensitive and informative measure of individual differences in a processing required by a speeded task.  
Consistent with the previous studies on recognition memory (Diana, Reder, Arndt & Park, 2006; Malmberg, 
2008), correct “No” responses were slower than correct “Yes” responses in our task, supporting an assumption of a 
more expanded task processing in case of probe-test mismatching. More important, three types of “No” stimuli 
modeled in the present study differed significantly in a time required for response, providing an evidence of 
different processing implied by the type of mismatching between a probe and a test. 
Latencies of “No” responses as well as more specific speed indexes calculated by a simple subtraction of the 
“Yes” response times from the “No” response times showed different patterns of correlations with intelligence 
scores depending on the type of “No” stimuli.  Only the speed of responses on the stimuli  that required an expanded 
processing  of the relations between  the elements  for correct  “No” responses was significantly  related to cognitive 
Table 2. Descriptive statistics for the calculated speed indexes and their correlations with intelligence measures and school grades 
Speed 
indexes 
Descriptive statistics for 
response times 
Correlations with intelligence Correlations with school grades 
Mean SD APM Verbal IST Algebra Geometry Physics 
(2) 20.07 104.54 -.171* -.209** -.034 -.042 -.077 
(3) 71.86 101.78 -.181* -.167* -.049 -.021 -.074 
(4) 143.50 155.82 .009 -.014 -.093 -.070 -.046 
Note. Speed indexes were calculated as described in the Section on Results; they are denoted according to the type of “No” stimuli used in the 
calculation. Pearson‟s correlation coefficients are presented. Correlations marked *** are significant at p<.001, ** - p<.01, * - p<.05. 
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ability measured by Raven‟s APM (however, no significant correlations were found for the verbal IST scale). When 
the speed of the expanded processing of the “No” stimuli was explicitly analyzed based on the subtraction method, 
the speed indexes for the same types of stimuli were significantly correlated with both the intelligence scales 
analyzed in the study.  
At the same time, the corresponding correlations between response times and intelligence were not significant 
when the “No” stimuli required only an expanded processing of the distinct elements, but not the processing of their 
relative positions (fourth type of stimuli in our task). This finding is particularly interesting taking into account the 
fact that these stimuli apparently were the most difficult in the RMFT, as indicated by the longest response times. A 
tendency of an increase in the magnitude of correlation between response time and intelligence with an increase in a 
difficulty of the speeded task is well-described in the literature (a so-called “complexity hypothesis”, see Vernon & 
Jensen, 1984, Sheppard & Vernon, 2008). However, a common source of an increase in task complexity between the 
difficulty levels is assumed by this hypothesis. Thus, an observed lack of correspondence between our results and 
the complexity hypothesis can be regarded as additional evidence of different sources of difficulty of “No” 
responses in the RMFT. In the second and third type of stimuli, task difficulty was specifically caused by an 
expanded processing of the relations between the elements. This type of processing was not required by the fourth 
type of stimuli. The difficulty of these stimuli was caused by an implied processing of the features of the distinct 
elements instead of processing of their relative positions.   
Finally response times in the RMFT showed different patterns of correlations with intelligence scales on the one 
hand and school grades in Mathematics and Physics on the other hand. The overall speed of processing in the RMFT 
was not related to the intelligence level, while its relations with school achievements were highly significant (with a 
tendency of slightly higher correlations with Mathematics as compared to Physics). This result suggests that 
response time in the RMFT represents individual differences in some kind of processing which is essential not only 
for faster responses in our recognition task but also for higher Mathematic achievements at school. Moreover, this 
specific processing underlying the performance in our task as well as school achievements apparently was not 
related to the intelligence level in the present study. However, an interpretation of this processing does not 
necessarily involve the construct of working memory. For example, an explanation could also refer to individual 
differences in efficiency of mental representations of visual stimuli (thus showing the reason of higher correlations 
observed with Geometry as compared to Algebra). A more narrowed investigation of the nature of shared variance 
between the processing speed in our task and Math achievements at school might be an area of further studies.     
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Appendix. The “No” stimuli used in the Recognition of Meaningless Figures Test 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note. Three types of the "No" stimuli are organized in different columns: a) completely different from the probe; b) different from the probe at a 
position of one line; c) different from the probe at a length of one line. For each pair of the stimuli, the probe stimulus is shown on the left; the 
test stimulus is shown on the right. Original size of the stimuli was about 40  40 mm. 
a) b) c)
